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THE USE O F  CREDIBLE INTERVALS I N  TEMPERATURE 
FORECASTING: SOME EXPERIlIENTAL RESULTS 
A l l a n  H. Murphy 
R o b e r t  L. W i n k l e r  
D e c e m b e r  1 9 7 5  
R e s e a r c h  M e m o r a n d a  a r e  i n f o r m a l  p u b l i -  
ca t ions  r e l a t i n g  t o  ongoing or  projec ted  
areas of research a t  I I A S A .  T h e  v i e w s  
expressed are  those  of t h e  a u t h o r s ,  and 
do n o t  necessa r i ly  ref lec t  those of I I A S A .  
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
A b s t r a c t  
P r o b a b i l i t y  c a n  be though t  o f  a s  t h e  language o f  uncer-  
t a i n t y ,  and,  a s  such ,  it p r o v i d e s  f o r e c a s t e r s  w i t h  a  means o f  
d e s c r i b i n g  t h e  u n c e r t a i n t y  i n h e r e n t  i n  t h e i r  f o r e c a s t s  i n  a  
f o r m a l ,  q u a n t i t a t i v e  manner. P r o b a b i l i t y  f o r e c a s t s ,  i n  t u r n ,  
p r o v i d e  p o t e n t i a l  u s e r s  o f  f o r e c a s t s  w i t h  i n f o r m a t i o n  r e q u i r e d  
t o  make r a t i o n a l  d e c i s i o n s  i n  u n c e r t a i n  s i t u a t i o n s .  
S i n c e  1965, t h e  N a t i o n a l  Weather S e r v i c e  (NWS) i n  t h e  
Uni ted  S t a t e s  h a s  r o u t i n e l y  i s s u e d  p r e c i p i t a t i o n  p r o b a b i l i t y  
f o r e c a s t s  t o  t h e  g e n e r a l  p u b l i c .  F o r e c a s t s  o f  maximum and 
minimum t e m p e r a t u r e ,  however, a r e  s t i l l  e x p r e s s e d  i n  c a t e g o r i c a l  
t e r m s  ( i . e . ,  i n  t e rms  o f  a  s p e c i f i c  t e m p e r a t u r e  o r  a  r ange  of  
t e m p e r a t u r e s ) .  I n  t h i s  paper  we d e s c r i b e  and compare t h e  re- 
s u l t s  o f  two r e c e n t  exper iments  i n  which NWS f o r e c a s t e r s  used  
c r e d i b l e  i n t e r v a l s  t o  d e s c r i b e  t h e  u n c e r t a i n t y  i n h e r e n t  i n  t h e i r  
t e n p e r a t u r e  f o r e c a s t s .  A c r e d i b l e  i n t e r v a l  t e m p e r a t u r e  f o r e c a s t  
i s  s imply  an i n t e r v a l  f o r e c a s t  accompanied by t h e  f o r e c a s t e r ' s  
s u b j e c t i v e  p r o b a b i l i t y  t h a t  t h e  t e m p e r a t u r e  o f  concern  w i l l  f a l l  
i n  t h e  i n t e r v a l .  
The exper iments  were conducted i n  t h e  NWS f o r e c a s t  o f f i c e s  
i n  Denver, Colorado and Milwaukee, Wisconsin and invo lved  f o u r  
and f i v e  f o r e c a s t e r s ,  r e s p e c t i v e l y .  I n  each exper iment ,  one  
group o f  f o r e c a s t e r s  made v a r i a b l e - w i d t h  i n t e r v a l  f o r e c a s t s  and 
t h e  o t h e r  group made f ixed-wid th  i n t e r v a l  f o r e c a s t s .  I n  t h e  
v a r i a b l e - w i d t h  approach,  t h e  f o r e c a s t e r s  de termined 50% and 75% 
c e n t r a l  c r e d i b l e  i n t e r v a l s  u s i n g  t h e  "method o f  s u c c e s s i v e  sub- 
d i v i s i o n s "  ( i . e . ,  t h e y  a s s e s s e d  t h e  median, 25th  p e r c e n t i l e ,  
122th  p e r c e n t i l e ,  7 5 t h  p e r c e n t i l e ,  872th  p e r c e n t i l e  of  t h e i r  
p r o b a b i l i t y  d i s t r i b u t i o n s ,  i n  t h a t  o r d e r ) .  I n  t h e  f ixed-width  
approach,  t h e  f o r e c a s t e r s  f i r s t  de te rmined  a  median and t h e n  
a s s e s s e d  p r o b a b i l i t i e s  f o r  5OF and g°F  i n t e r v a l s  c e n t e r e d  a t  
t h e  median. 
I n  e v a l u a t i n g  t h e  r e s u l t s  o f  t h e  exper iments ,  s e v e r a l  prop- 
er t ies  o f  t h e  f o r e c a s t s  ( i . e . ,  t h e  medians and t h e  i n t e r v a l s )  
were o f  i n t e r e s t ,  i n c l u d i n g  t h e i r  r e l i a b i l i t y  and p r e c i s i o n .  
R e l i a b i l i t y  r e f e r s  t o  t h e  degree  o f  correspondence  between t h e  
p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  t h e  f o r e c a s t s  and t h e  sample 
r e l a t i v e  f r e q u e n c i e s  ( i . e . ,  t h e  d i s t r i b u t i o n  o f  obse rved  tempera- 
t u r e s ) ,  w h i l e  p r e c i s i o n  r e l a t e s  t o  t h e  d e g r e e  o f  correspondence  
between t h e  f o r e c a s t s  and t h e  obse rved  t e m p e r a t u r e s  on  a n  in -  
d i v i d u a l  b a s i s .  The l a t t e r  can  be  measured by computing t h e  
a v e r a g e  a b s o l u t e  e r r o r  (and s i m i l a r  q u a n t i t i e s )  i n  t h e  c a s e  o f  
t h e  medians and a v e r a g e  s c o r e s  based upon one o r  more " p r o p e r "  
s c o r i n g  r u l e s  i n  t h e  c a s e  o f  t h e  ( f i x e d - w i d t h )  i n t e r v a l s .  The 
f o r e c a s t s  f o r m u l a t e d  by t h e  f o r e c a s t e r s  w e r e  a l s o  compared w i t h  
f o r e c a s t s  based  s o l e l y  upon c l i m a t o l o g i c a l  d a t a .  The r e s u l t s  
o f  t h e  e x p e r i m e n t s  i n d i c a t e  t h a t  NWS f o r e c a s t e r s  c a n  f o r m u l a t e  
r e l i a b l e  and p r e c i s e  c r e d i b l e  i n t e r v a l  t e m p e r a t u r e  f o r e c a s t s  
and t h a t  t h e s e  f o r e c a s t s  a r e  g e n e r a l l y  b e t t e r  ( i n  t h e  s e n s e  o f  
t h e s e  two p r o p e r t i e s )  t h a n  f o r e c a s t s  based upon c l i m a t o l o g i c a l  
d a t a .  
The i n f l u e n c e s  o f  a  number o f  v a r i a b l e s  w e r e  c o n s i d e r e d  i n  
t h e  p r o c e s s  o f  e v a l u a t i n g  t h e  f o r e c a s t s .  These v a r i a b l e s  
i n c l u d e d :  1 )  l o c a t i o n  o f  exper iment  (Denver,  Milwaukee);  
2 )  t y p e  o f  i n t e r v a l  ( v a r i a b l e - w i d t h ,  f i x e d - w i d t h ) ;  3 )  t y p e  o f  
t e m p e r a t u r e  (maximum, minimum); 4 )  f o r e c a s t  l e n g t h  (12 h o u r s ,  
24 h o u r s ,  36 h o u r s )  ; and 5)  f o r e c a s t e r .  I n  a d d i t i o n ,  f a c t o r s  
such a s  f o r e c a s t i n g  e x p e r i e n c e ,  t r a i n i n g ,  and l e a r n i n g  e f f e c t s  
w e r e  i n v e s t i g a t e d  w i t h i n  t h e  c o n s t r a i n t s  imposed by t h e  number 
of  f o r e c a s t e r s  and t h e  l e n g t h  o f  t h e  exper iments .  
F i n a l l y ,  w e  b r i e f l y  d i s c u s s  t h e  i m p l i c a t i o n s  o f  t h e s e  
exper iments  and t h e  r e s u l t s  f o r  p r o b a b i l i t y  f o r e c a s t i n g  i n  
g e n e r a l  and p r o b a b i l i t y  f o r e c a s t i n g  i n  meteorology i n  p a r t i c u l a r .  
The U s e  o f  C r e d i b l e  I n t e r v a l s  i n  Temperature 
F o r e c a s t i n s :  Some E x ~ e r i m e n t a l  R e s u l t s  1  
A l l a n  H .  ~ u r ~ h ~ ~  and Rober t  L.  Winkler  3  
1 .  I n t r o d u c t i o n  
S i n c e  1965, t h e  N a t i o n a l  Weather S e r v i c e  (NWS) i n  t h e  
United S t a t e s  h a s  r o u t i n e l y  i s s u e d  p r e c i p i t a t i o n  p r o b a b i l i t y  
f o r e c a s t s  t o  t h e  g e n e r a l  p u b l i c .  F o r e c a s t s  of  maximum and 
minimum t e m p e r a t u r e ,  however, a r e  s t i l l  e x p r e s s e d  i n  c a t e g o r i c a l  
t e r m s .  NWS f o r e c a s t e r s  u s u a l l y  g i v e  p o i n t  f o r e c a s t s  when f o r e -  
c a s t i n g  t e m p e r a t u r e  ( e . g . ,  " t h e  h i g h  t e m p e r a t u r e  tomorrow w i l l  
be  7 5 ' ~ " ) ,  and such  f o r e c a s t s  d o  n o t  p r o v i d e  any i n f o r m a t i o n  
a b o u t  t h e  u n c e r t a i n t y  i n h e r e n t  i n  t h e  f o r e c a s t s .  P o i n t  f o r e c a s t s  
a r e  sometimes r e p l a c e d  by i n t e r v a l  f o r e c a s t s  (e. 7 -  " t h e  h i g h  t e m p e r a t u r e  tomorrow w i l l  b e  between 7 3 ' ~  and 77 F " ) ,  b u t  such 
f o r e c a s t s  o n l y  p r o v i d e  a  v e r y  i n f o r m a l  r e p r e s e n t a t i o n  of  t h e  
f o r e c a s t e r ' s  u n c e r t a i n t y .  The p o t e n t i a l  u s e r  of  t h e  f o r e c a s t  
d o e s  n o t  know whether  t h e  f o r e c a s t e r  i s  a lmos t  c e r t a i n  t h a t  t h e  
h i g h  t e m p e r a t u r e  w i l l  f a l l  i n  t h e  f o r e c a s t  i n t e r v a l  o r  whether  
t h e  f o r e c a s t e r  f e e l s ,  s a y ,  t h a t  t h e r e  i s  o n l y  a  50-50 chance  
t h a t  t h e  h i g h  t e m p e r a t u r e  w i l l  f a l l  i n  t h e  f o r e c a s t  i n t e r v a l .  
P r o b a b i l i t y  c a n  b e  t h o u g h t  of  a s  t h e  language of u n c e r t a i n t y ,  
and i d e a l l y  a  t e m p e r a t u r e  f o r e c a s t  would c o n s i s t  of t h e  f o r e -  
c a s t e r ' s  e n t i r e  p r o b a b i l i t y  d i s t r i b u t i o n  f o r  t h e  t e m p e r a t u r e  o f  
concern .  However, a s s e s s i n g  a n  e n t i r e  d i s t r i b u t i o n  f o r  a  con- 
t i n u o u s  v a r i a b l e  such  a s  t e m p e r a t u r e  may n o t  be p r a c t i c a l  e i t h e r  
i n  t e r m s  of  t h e  t i m e  r e q u i r e d  o f  t h e  f o r e c a s t e r  o r  i n  t e r m s  o f  
r e p o r t i n g  t h e  f o r e c a s t  t o  t h e  g e n e r a l  p u b l i c .  A compromise 
t h a t  seems r e a s o n a b l e  i s  t o  e x p r e s s  t e m p e r a t u r e  f o r e c a s t s  i n  
terms of c r e d i b l e  i n t e r v a l s .  A c r e d i b l e  i n t e r v a l  t e m p e r a t u r e  
f o r e c a s t  i s  s imply  a n  i n t e r v a l  f o r e c a s t  accompanied by t h e  f o r e -  
c a s t e r ' s  s u b j e c t i v e  p r o b a b i l i t y  t h a t  t h e  t e m p e r a t u r e  of  c o n c e r n  
w i l l  f a l l  i n  t h e  i n t e r v a l  ( e . g . ,  " t h e  p r o b a b i l i t  i s  0.60 t h a t  T t h e  h i g h  t e m p e r a t u r e  tomorrow w i l l  b e  between 73 F  and 7 7 ' ~ " ) .  
' suppor ted  i n  p a r t  by t h e  N a t i o n a l  S c i e n c e  Foundat ion  under  
G r a n t s  GA-31735 and GA-41232. 
 he N a t i o n a l  C e n t e r  f o r  Atmospheric Research  ( N C A R ) ,  
Boulder ,  Colorado.  NCAR i s  sponsored  by t h e  N a t i o n a l  Sc ience  
Foundat ion .  
' ~ r a d u a t e  School  of  B u s i n e s s ,  I n d i a n a  U n i v e r s i t y ,  Blooming- 
t o n ,  I n d i a n a  . 
Thus ,  c r e d i b l e  i n t e r v a l s  r e p r e s e n t  a s t r a i g h t f o r w a r d  
e x t e n s i o n  of  t h e  i n t e r v a l  f o r e c a s t s  t h a t  a r e  sometimes used 
i n  c u r r e n t  t e m p e r a t u r e  f o r e c a s t i n g  p r a c t i c e ,  a s  no ted  above,  
w i t h  t h e  p r o b a b i l i t y  p r o v i d i n g  a  fo rmal  r e p r e s e n t a t i o n  o f  
t h e  f o r e c a s t e r ' s  u n c e r t a i n t y  r e g a r d i n g  t h e  t e m p e r a t u r e .  
Although c r e d i b l e  i n t e r v a l s  a p p e a r  t o  be  a  " n a t u r a l "  way 
t o  convey a  wea the r  f o r e c a s t e r ' s  u n c e r t a i n t y  a b o u t  maximum 
and minimum t e m p e r a t u r e s ,  t h e y  have r e c e i v e d  v e r y  l i t t l e  
a t t e n t i o n  i n  t h e  c o n t e x t  of t e m p e r a t u r e  f o r e c a s t i n g .  The e a r l i -  
e s t  work c o n c e r n i n g  c r e d i b l e  i n t e r v a l  t e m p e r a t u r e  f o r e c a s t i n g  
was r e p o r t e d  i n  P e t e r s o n ,  Snapper,  and Murphy (1 972) . I n  t h i s  
paper  t h e  r e s u l t s  of  two r e c e n t  exper iments  i n  which NWS f o r e -  
c a s t e r s  used  c r e d i b l e  i n t e r v a l s  t o  d e s c r i b e  t h e  u n c e r t a i n t y  
i n h e r e n t  i n  t h e i r  t e m p e r a t u r e  f o r e c a s t s  a r e  d e s c r i b e d  and com- 
p a r e d .  The e x p e r i m e n t s  a r e  d e s c r i b e d  i n  S e c t i o n  2 ,  some re- 
s u l t s  of t h e  e x p e r i m e n t s  a r e  p r e s e n t e d  i n  S e c t i o n  3 ,  and S e c t i o n  
4 c o n t a i n s  a  summary and a  b r i e f  d i s c u s s i o n  of  t h e  i m p l i c a t i o n s  
of t h e  e x p e r i m e n t a l  r e s u l t s .  
2. Design of  t h e  Exper iments  
The e x p e r i m e n t s  w e r e  conducted  i n  t h e  NWS f o r e c a s t  o f f i c e s  
i n  Denver,  Colorado and Mil.waukee, Wisconsin ,  and t h e  s u b j e c t s  
w e r e  e x p e r i e n c e d  wea the r  f o r e c a s t e r s .  The f o u r  f o r e c a s t e r s  
p a r t i c i p a t i n g  i n  t h e  Denver exper iment  ave raged  26.0 y e a r s  o f  
weather  f o r e c a s t i n g  e x p e r i e n c e  and 5.8 y e a r s  of  p r o b a b i l i t y  
f o r e c a s t i n g  e x p e r i e n c e ,  and t h e  f i v e  f o r e c a s t e r s  p a r t i c i p a t i n g  
i n  t h e  Milwaukee exper iment  ave raged  10.5 y e a r s  of  wea the r  f o r e -  
c a s t i n g  e x p e r i e n c e  and 5.1 y e a r s  o f  p r o b a b i l i t y  f o r e c a s t i n g  ex- 
p e r i e n c e .  
The Denver exper iment  was conducted  from August 1972 t o  
March 1973 and t h e  r e s u l t s  w e r e  a n a l y z e d  and r e p o r t e d  i n  Murphy 
and Winker ( 1 9 7 4 ) .  The Milwaukee exper iment  was under taken  i n  
o r d e r  ( 1 )  t o  o b t a i n  a  l a r g e r  sample o f  f o r e c a s t e r s  and f o r e c a s t s  
from which t o  make i n f e r e n c e s  r e g a r d i n g  c r e d i b l e  i n t e r v a l  t e m -  
p e r a t u r e  f o r e c a s t i n g  and ( 2 )  t o  i n v e s t i g a t e  t h e  u s e  o f  c r e d i b l e  
i n t e r v a l s  i n  t e m p e r a t u r e  f o r e c a s t i n g  i n  d i f f e r e n t  m e t e o r o l o g i c a l  
and c l i m a t o l o g i . c a l  r e g i m e s .  The Milwaukee exper iment  was con- 
d u c t e d  from October  1974 t o  J u l y  1975. 
Each t i m e  t h e y  w e r e  on p u b l i c  weather  f o r e c a s t i n g  d u t y  
d u r i n g  t h e  p e r i o d  o f  t h e  exper iment ,  t h e  f o r e c a s t e r s  made 
c r e d i b l e  i n t e r v a l  f o r e c a s t s  of h i g h  and low t e m p e r a t u r e s .  A t  
Denver, f o r e c a s t s  w e r e  made f o r  p e r i o d s  12 and 24 h o u r s  i n  t h e  
f u t u r e ,  and a t  Milwaukee, f o r e c a s t s  were made f o r  p e r i o d s  12, 
24, and 36 h o u r s  i n  t h e  f u t u r e .  The Denver f o r e c a s t e r s  formu- 
l a t e d  32,  34, 30, and 31 s e t s  o f  f o r e c a s t s ,  and t h e  Milwaukee 
f o r e c a s t e r s  f o r m u l a t e d  42, 57,  45, and 4 4  sets  o f  f o r e c a s t s .  
TWO o f  t h e  f o r e c a s t e r s  a t  Denver and t h r e e  o f  t h e  f o r e -  
c a s t e r s  a t  Milwaukee worked w i t h i n  t h e  framework of  v a r i a b l e -  
wid th ,  f i x e d - p r o b a b i l i t y  f o r e c a s t s ,  u s i n g  50% and 75% c r e d i b l e  
i n t e r v a l s .  To o b t a i n  t h e s e  i n t e r v a l s ,  t h e  method o f  " s u c c e s s i v e  
s u b d i v i s i o n s "  ( e . g . ,  s e e  P e t e r s o n ,  Snapper ,  and Murphy, 1972) 
was used ,  r e q u i r i n g  t h e  f o r e c a s t e r  t o  a s s e s s  t h e  median, t h e  
25th  p e r c e n t i l e ,  t h e  1 2 J t h  p e r c e n t i l e ,  t h e  7 5 t h  p e r c e n t i l e ,  
and t h e  8 7 J t h  p e r c e n t i l e .  Each p e r c e n t i l e  i n v o l v e d  a n  equa l -  
odds i n d i f f e r e n c e  judgment ( i . e . ,  t h e  d i v i s i o n  o f  a n  i n t e r v a l  
i n t o  two e q u a l l y  l i k e l y  s u b i n t e r v a l s ) .  The 50% c r e d i b l e  i n -  
t e r v a l  i s  t h e  i n t e r v a l  from t h e  25th  p e r c e n t i l e  t o  t h e  7 5 t h  
p e r c e n t i l e ,  and t h e  75% c r e d i b l e  i n t e r v a l  i s  t h e  i n t e r v a l  from 
t h e  1 2 i t h  p e r c e n t i l e  t o  t h e  8 7 ; t h  p e r c e n t i l e .  
The remain ing  two f o r e c a s t e r s  a t  each  l o c a t i o n  worked 
w i t h i n  t h e  framework o f  f ixed-wid th ,  v a r i a b l e - p r o b a b i l i t y  f o r e -  
c a s t s ,  u s i n g  i n t e r v a l s  of  wid th  5OF and g°F .  F i r s t ,  t h e  median 
was a s s e s s e d ,  j u s t  a s  i n  t h e  c a s e  o f  t h e  v a r i a b l e - w i d t h  f o r e -  
c a s t s .  Then, t h e  f o r e c a s t e r  a s s e s s e d  p r o b a b i l i t i e s  f o r  i n t e r -  
v a l s  o f  wid th  5OF and g°F  c e n t e r e d  a t  t h e  median. A l l  i n t e r v a l s  
i n  t h e  exper iments  w e r e  assumed t o  i n c l u d e  t h e i r  end p o i n t s ,  
and a l l  t e m p e r a t u r e s  w e r e  r e c o r d e d  t o  t h e  n e a r e s t  d e g r e e .  
A t  Denver, t h e  a u t h o r s  m e t  w i t h  t h e  f o r e c a s t e r s  and d i s -  
c u s s e d  t h e  c o n c e p t  o f  c r e d i b l e  i n t e r v a l  t e m p e r a t u r e  f o r e c a s t s ,  
b u t  w e  were n o t  a b l e  t o  ho ld  such a  meet ing  a t  Milwaukee. A t  
b o t h  l o c a t i o n s ,  l e n g t h y  sets of  w r i t t e n  i n s t r u c t i o n s  w e r e  g i v e n  
t o  t h e  p a r t i c i p a n t s .  The f o r e c a s t e r s  t h e n  fo rmula ted  t h e i r  
c r e d i b l e  i n t e r v a l  f o r e c a s t s  w i t h o u t  any a s s i s t a n c e  from ( o r  
c o n t a c t  w i t h )  t h e  a u t h o r s .  
3. R e s u l t s  of  t h e  Exper iments  
a )  R e l i a b i l i t y  
The f i r s t  t a s k  f o r  each  f o r e c a s t e r  on each  f o r e c a s t i n g  
o c c a s i o n  was t o  d e t e r m i n e  a  median, and a  comparison of  t h e s e  
median t e m p e r a t u r e s  (MTs) w i t h  t h e  c o r r e s p o n d i n g  observed t e m -  
p e r a t u r e s  ( O T s )  i s  p r e s e n t e d  i n  Tab le  1 .  I n  b o t h  exper iments ,  
t h e  MTs s l i g h t l y  u n d e r e s t i m a t e d  t h e  O T s  on t h e  average .  The 
p e r c e n t a g e  o f  O T s  above t h e  MTs (48.0% a t  Denver, 53.4% a t  
Milwaukee) exceeds  t h e  p e r c e n t a g e  o f  O T s  below t h e  MTs (39.4% 
a t  Denver, 37.2% a t  Milwaukee) ,  and t h e  a v e r a  e v a l u e s  o f  MT-OT 9 a r e  s l i g h t l y  n e g a t i v e  ( - 0 . 5 ' ~  a t  Denver, -0.8 F  a t  Milwaukee) .  
I n  b o t h  exper iments ,  t h i s  tendency f o r  MT t o  be  a  s l i g h t  under-  
e s t i m a t e  of  OT was most pronounced f o r  f o r e c a s t s  of  minimum 
t e m p e r a t u r e .  I n  f a c t ,  f o r  f o r e c a s t s  of  maximum t e m p e r a t u r e ,  MT 
s l i g h t l y  o v e r e s t i m a t e d  OT on t h e  average .  With r e s p e c t  t o  
i n d i v i d u a l  f o r e c a s t e r s ,  F o r e c a s t e r  4 a t  Denver and F o r e c a s t e r  2 
a t  Milwaukee e x h i b i t e d  t h e  s t r o n g e s t  tendency toward u n d e r e s t i -  
mat ion .  
C l i m a t o l o g i c a l  median t e m p e r a t u r e s  ( C T s )  p r o v i d e  a  con- 
v e n i e n t  s t a n d a r d  w i t h  which t o  compare MT a s  a  p o i n t  f o r e c a s t .  
The c l i m a t o l o g i c a l  f o r e c a s t s  c o n s i d e r e d  h e r e  a r e  median maximum 
and minimum t e m p e r a t u r e s  based upon h i s t o r i c a l  d a t a  f o r  t h e  
f i v e - y e a r  p e r i o d s  immediately p reced ing  t h e  r e s p e c t i v e  e x p e r i -  
ments ,  and t h e y  were computed on a  monthly b a s i s .  These f o r e -  
c a s t s  w e r e  a n a l y z e d  i n  t h e  same manner a s  t h e  f o r e c a s t e r s '  
a s s e s s e d  medians,  and t h e  r e s u l t s  a r e  p r e s e n t e d  i n  Table  2. 
T a b l e  1 .  A c o m p a r i s o n  o f  median  t e m p e r a t u r e  (MT) 
a n d  o b s e r v e d  t e m p e r a t u r e  (OT)  . 
Number 
o f  Average  
F o r e -  P e r c e n t a g e  ( s t a n d a r d  d e v i a t i o n )  Loca- S e t  of 
t.ir,n Fo? 2casts casts  OT'MT OT=MT OIT>MT MT-OT ( O F )  IMT-OTI ( O F )  
Max imum 127 47.2 13 .4  39 .4  0 . 6 ( 4 . 8 )  3 . 8 ( 3 . 0 )  
Minimum 127  31 .5  1 1 . 8  56.7  - 1 . 5 ( 4 . 8 )  3 .8  ( 3 . 2 )  
2 
a, 12-hour  127 40.9  13 .4  45 .7  - 0 . 2 ( 4 . 7 )  3 . 5 ( 3 . 0 )  
a 24-hour  127 37.8  11 .8  50.4  - 0 . 7 ( 5 . 1 )  4 . 1 ( 3 . 2 )  
F o r e c a s t e r  1 64 45 .3  10 .9  43 .8  0 . 0 ( 5 . 3 )  4.1 ( 3 . 3 )  
F o r e c a s t e r  2 68  44.1 1 3 . 2  42 .6  - 0 . 3 ( 5 . 1 )  3 . 9 ( 3 . 3 )  
F o r e c a s t e r  3 60 41.7  11 .7  46.7 - 0 . 1 ( 4 . 6 )  3 . 6 ( 2 . 9 )  
F o r e c a s t e r  4 62 25.8 1 4 . 5  59 .7  - 1 . 5 ( 4 . 4 )  3 . 6 ( 3 . 0 )  







F o r e c a s t e r  1 
F o r e c a s t e r  2 
F o r e c a s t e r  3 
F o r e c a s t e r  4 
F o r e c a s t e r  5 
T a b l e  2 .  A c o m p a r i s o n  of c l i m a t o l o g i c a l  t e m p e r a t u r e  
(CT) a n d  observed t e m p e r a t u r e  (OT) . 
Number 
of A v e r a g e  
L o c a -  S e t  of Fore- P e r c e n t a g e  (s tandard d e v i a t i o n )  
- - -  
t i o n  Forecasts casts OT'CT OT=CT OTXT C T - O T ( O F )  I C T - O T ~  ( O F )  
Maximum 1 2 7  5 3 . 5  6 . 3  4 0 . 2  4 . 7 ( 1 2 . 9 )  9 . 8 ( 9 . 6 )  
k Minimum 1 2 7  2 5 . 2  0 . 0  7 4 . 8  - 3 . 5 ( 9 . 5 )  8 . 1  ( 6 . 0 )  
Q) 
1 2 - h o u r  1 2 7  4 5 . 7  3 . 9  5 0 . 4  1 . 5 ( 1 2 . 2 )  9 . 0 ( 8 . 4 )  
Q) 2 4 - h o u r  
a 1 2 7  3 3 . 1  2 . 4  6 4 . 6  - 0 . 2 ( 1 1 . 8 )  8 . 9 ( 7 . 6 )  
Forecaster 1 6 4  4 3 . 8  0 . 0  5 6 . 3  3 . 6 ( 1 5 . 7 )  1 2 . 3 ( 1 0 . 3 )  
Forecaster 2 6 8  4 5 . 6  4 . 4  5 0 . 0  2 . 5 ( 1 2 . 0 )  9 . 2 ( 8 . 0 )  
Forecaster 3 6 0  3 8 . 3  3 . 3  5 8 . 3  - 0 . 6 ( 9 . 8 )  7 . 5 ( 6 . 2 )  




Q) 1 2 - h o u r  
2 4 - h o u r  







A s  i n  t h e  c a s e  o f  MT, CT e x h i b i t s  a s l i g h t  tendency t o  under-  
e s t i m a t e  OT. Also,  on t h e  ave r age ,  Cr? u n d e r e s t i m a t e s  OT 
s t r o n g l y  f o r  f o r e c a s t s  of minimum t empe ra tu r e  and over- 
e s t i m a t e s  OT f o r  f o r e c a s t s  of  maximum tempera tu re .  Thus, t h e  
f o r e c a s t e r s '  tendency t o  unde re s t ima t e  o r  o v e r e s t i m a t e  may be 
due  i n  p a r t  t o  unusua l  ( i . e . ,  above o r  below normal,  r e spec-  
t i v e l y )  t em p e r a t u r e s  d u r i n g  t h e  expe r imen t a l  p e r i o d s .  I n  any 
e v e n t ,  t h e s e  t e n d e n c i e s  a r e  n o t  s t r o n g ,  and t h e  medians appear  
t o  be q u i t e  r e l i a b l e  p o i n t  f o r e c a s t s .  
For p r o b a b i l i t y  f o r e c a s t s ,  r e l i a b i l i t y  r e f e r s  t o  t h e  d e g r e e  
of cor respondence  between t h e  p r o b a b i l i t i e s  and t h e  sample r e l a -  
t i v e  f r e q u e n c i e s .  The r e s u l t s  p r e s e n t e d  i n  Table  3  i n d i c a t e  
t h a t  t h e  v a r i ab l e - w i d t h  i n t e r v a l s  were ex t remely  r e l i a b l e  a t  
b o t h  l o c a t i o n s .  For t h e  50% i n t e r v a l s ,  t h e  r e l a t i v e  f r e q u e n c i e s  
w e r e  0.258, 0.455, and 0.288 a t  Denver and 0.181,  0.539, and 
0.280 a t  Milwaukee, a s  compared w i t h  p r o b a b i l i t i e s  of 0 .25,  0.50,  
and 0.25.  For  t h e  75% i n t e r v a l s ,  t h e  r e l a t i v e  f r e q u e n c i e s  w e r e  
0.106, 0.735, and 0.159 a t  Denver and 0.081, 0.794, and 0.125 
a t  Milwaukee, a s  compared w i t h  p r o b a b i l i t i e s  o f  0.125, 0.75, 
and 0.125. The t endency  t o  u n d e r e s t i m a t e  no ted  i n  t h e  d i s c u s s i o n  
o f  t h e  MTs i s  r e f l e c t e d  i n  t h e  h i g h e r  r e l a t i v e  f requency  of  
o c c u r r e nce  o f  O T s  above t h e  i n t e r v a l s  t h a n  below t h e  i n t e r v a l s .  
A s  i n  t h e  c a s e  of  p o i n t  f o r e c a s t s ,  c l i m a t o l o g y  can  be  used 
a s  a  s t a n d a r d  o f  comparison.  C l i m a t o l o g i c a l  va r i ab l e -w id th  
i n t e r v a l  f o r e c a s t s  w e r e  gene ra t ed  by de t e rmin ing  t h e  a p p r o p r i a t e  
p e r c e n t i l e s  from t h e  f i v e  y e a r s  of  h i s t o r i c a l  d a t a  on a  monthly 
b a s i s ,  and t h e  performance o f  t h e  c l i m a t o l o g i c a l  va r i ab l e -w id th  
i n t e r v a l s  i s  summarized i n  Tab le  4 .  An examinat ion o f  t h e  
p e r c e n t a g e s  o f  o b s e r v a t i o n s  below, i n ,  and above t h e  i n t e r v a l s  
i n d i c a t e s  t h a t  t h e  c l i m a t o l o g i c a l  i n t e r v a l s  d o  n o t  appea r  t o  be 
q u i t e  a s  r e l i a b l e  a s  t h e  i n t e r v a l s  de te rmined  by t h e  f o r e c a s t e r s .  
The r e s u l t s  f o r  t h e  f o r e c a s t e r s '  f ixed-wid th  i n t e r v a l s  and 
t h e  c o r r e sp o n d i n g  c l i m a t o l o g i c a l  i n t e r v a l s  a r e  g i v e n  i n  T ab l e s  
5  and 6 ,  r e s p e c t i v e l y .  A t  Denver, t h e  r e l a t i v e  f r e q u e n c i e s  of  
obse rva t i -ons  i n  t h e  i n t e r v a l s  (0 .46 f o r  t h e  5 ' ~  i n t e r v a l s ,  
0.66 f o r  t h e  9 ' ~  i n t e r v a l s )  w e r e  c o n s i d e r a b l y  lower t h a n  t h e  
a v e r a g e  p r o b a b i l i t i e s  a s s i g n e d  t o  t h e  i n t e r v a l s  (0.60 and 0.80, 
r e s p e c t i v e l y ) .  A t  Milwaukee, on t h e  o t h e r  hand, t h e  r e l a t i v e  
f r e q u e n c i e s  (0.40 f o r  t h e  5 ' ~  i n t e r v a l s ,  0.66 f o r  t h e  9 ' ~  i n t e r -  
v a l s )  were lower  t h a n  t h e  a v e r a g e  p r o b a b i l i t i e s  (0.47 and 0.72, 
' r e s p e c t i v e l y )  b u t  w e r e  c l o s e r  t o  t h e  a v e r a g e  p r o b a b i l i t i e s  t h a n  
a t  Denver. Thus, t h e  f ixed-wid th  i n t e r v a l s  w e r e  less r e l i a b l e  
t h a n  t h e  v a r i a b l e - w i d t h  i n t e r v a l s ,  a l t hough  t h e  f ixed-wid th  
i n t e r v a l s  a t  Milwaukee w e r e  q u i t e  r e l i a b l e .  A t  b o t h  Denver and 
Milwaukee, t h e  c l i m a t o l o g i c a l  f ixed-wid th  i n t e r v a l s  w e r e  more 
r e l i a b l e  t h a n  t h e  f o r e c a s t e r s '  i n t e r v a l s .  
b )  P r e c i s i o n  
I t  i s  p o s s i b l e ,  o f  c o u r s e ,  f o r  p o i n t  and i n t e r v a l  f o r e c a s t s  
t o  be  r e l i a b l e  w i t h o u t  b e i n g  v e r y  p r e c i s e .  For  i n s t a n c e ,  p o i n t  
f o r e c a s t s  cou ld  d i f f e r  from t h e  observed t e m p e r a t u r e s  by v e r y  
Table 3 .  R e l a t i v e  f r e q u e n c y  o f  o c c u r r e n c e  o f  o b s e r v e d  t e m p e r a t u r e  b e l o w  
i n t e r v a l  ( B I )  , i n  i n t e r v a l  (11) , a n d  a b o v e  i n t e r v a l  ( A I )  
a n d  a v e r a g e  i n t e r v a l  w i d t h  f o r  v a r i a b l e - w i d t h  f o r e c a s t s .  
Number P e r c e n t a g e  o f  o b s e r v e d  t e m p e r a t u r e s  A v e r a g e  w i d t h  ( s t a n d a r d  
o f  d e v i a t i o n  o f  w i d t h )  ( O F )  
Loca- S e t  o f  F o r e -  50% i n t e r v a l s  7 5 % i n t e r v a l s  50% i n t e r -  75% i n t e r -  
t i o n  F o r e c a s t s  casts  BI  I1 A 1  BI  I1 A 1  v a l s  v a l s  
A l l  132  25.8  45 .5  28.8  1 0 .6  7 3 . 5  1 5 . 9  6 . 2 ( 1  . 3 )  11 . 7 ( 2 . 2 )  
Maximum 66 28.8  5 1 . 5  19 .7  1 5 . 2  7 5 . 8  9 .1  6 . 3  ( 1 . 2 )  1 1 . 7 ( 2 . 1 )  
Minimum 66 2 2 .7  3 9 .4  37 .9  6 .1  7 1 .2  22 .7  6 . 2 ( 1  . 3 )  1 1 . 6 ( 2 . 3 )  
0 
12-hour  66  2 2 . 7  5 1 .5  25.8  9 .1  8 0 . 3  1 0 . 6  6 .1  ( 1  - 2 )  1 1 . 4 ( 2 . 0 )  
24-hour  66 28.8  3 9 .4  31.8  12.1 6 6 .7  21 .2  6 . 4  ( 1 . 3 )  1 1 . 9 ( 2 . 4 )  
F o r e c a s t e r  1  64 29 .7  3 7 . 5  32 .8  9 .4  7 6 .6  14 .1  5 . 8  ( 1 . 3 )  1 1 . 3 ( 2 . 6 )  
F o r e c a s t e r  2  68 22.1 52 .0  2 5 .0  1 1 . 8  7 0 .6  1 7 . 6 '  6 . 7 ( 1 . 1 )  1 2 . 0 ( 1  . 7 )  
Maximum 216 24 .1  57 .9  1 8 .1  1 0 .2  8 2 .9  6 . 9  5 . 9 ( 2 . 0 )  
Minimum 216 1 2 . 0  5 0 . 0  38 .0  6 . 0  75.9  18 .1  5 .9  ( 1 . 9 )  
;I 
F o r e c a s t e r  1  126  1 9 . 0  5 3 . 2  2 7 .8  1 3 . 5  7 2 .2  1 4 . 3  4 . 8 ( 0 . 9 )  
Forecaster 2  171  1 2 . 9  5 9 .1  28.1 4.1 8 2 . 5  1 3 . 5  6 . 5 ( 2 . 5 )  
F o r e c a s t e r  3  1 3 5  23.7  48.1 28.1 8 .1  8 2 . 2  9 .6  6 . 2 ( 1 . 6 )  
Table 4. .Re l a t i ve  frequency of observed temperature below i n t e r v a l  (BI), 
i n  i n t e r v a l  (II), and above i n t e rva l  (AI), and average i n t e rva l  
width fo r  c l imatological  fo recas t s  corresponding t o  var iable-  
width fo recas t s .  
Number Percentage of observed temperatures Average width (standard 
of deviat ion of width) ( O F ' )  
Loca- 50% i n t e r v a l s  75% i n t e r v a l s  Se t  of Fore- 50% 75% 
t i o n  Forecasts  c a s t s  BI I1 A1 BI I1 A1 i n t e r v a l s  i n t e r v a l s  
A l l  132 31.1 44.7 24.2 18.9 65.2 15.9 14.8(4.2) 24.2(5.7) 
Maximum 66 39.4 50.0 10.6 24.2 69.7 6.1 18.2(3.1) 28.6(4.2) 
k Minimum 66 22.7 39.4 37.9 13.6 60.6 25.8 11.5(2.0) 19.7(2.8) 
Forecaster  1 64 32.8 39.1 28.1 21.9 59.4 18.8 15.5(4.1) 25.1 (5.9) 





2 Forecaster  1 
Forecaster  2 
Forecaster  3 
Table 5. Average p r o b a b i l i t y  and observed r e l a t i v e  
frequency f o r  f ixed-width  f o r e c a s t s .  
Average p r o b a b i l i t y  R e l a t i v e  f requency of 
Number ass igned  t o  i n t e r v a l s  obse rva t ions  i n  i n t e r v a l s  
of 
S e t  of Fore- 5 ' ~  9 ' ~  5 ' ~  9 ' ~  
Locat ion F o r e c a s t s  c a s t s  I n t e r v a l s  I n t e r v a l s  I n t e r v a l s  I n t e r v a l s  
Maximum 
Minimum 
Denver 1 2 -hour 
2 4-hour 
F o r e c a s t e r  3  60 0.62 0.76 0.47 0.67 
F o r e c a s t e r  4 62 0.58 0.811 0.45 0.64 
Maximum 
Minimum 
Milwaukee 1 2 -hour 
2 4-hour 
36-hour 
Fo recas t e r  4 
Forecas t e r  5 
T a b l e  6 .  A v e r a g e  p r o b a b i l i t y  a n d  observed r e l a t i v e  f r e q u e n c y  
fo r  c l i m a t o l o g i c a l  forecasts c o r r e s p o n d i n g  t o  
f i x e d - w i d t h  forecasts.  
A v e r a g e  p r o b a b i l i t y  R e l a t i v e  f r e q u e n c y  of 
Number a s s i g n e d  t o  i n t e r v a l s  o b s e r v a t i o n s i n i n t e r v a l s  
of 
S e t  of F o r e -  5 ' ~  9OF 5 ' ~  g ° F  
L o c a t i o n  F o r e c a s t s  casts  I n t e r v a l s  I n t e r v a l s  I n t e r v a l s  I n t e r v a l s  
Maximum 
Minimum 
D e n v e r  1 2 - h o u r  6  1 0 . 2 2  0 . 3 5  0 . 2 0  0 . 4 1  
2  4  rhour 6  3 Q . 2 4  0 . 3 9  0 . 1 8  0 . 4 4  
Forecaster 3 6 0  0 . 2 4  0 . 3 8  0 . 2 0  0 . 4 2  
Forecaster 4  6 2  0 . 2 2  0 . 3 6  0 . 1 8  0 . 4 4  
A l l  
Maximum 
Minimum 
M i l w a u k e e  1  2 - h o u r  
2  4 - h o u r  
3  6 - h o u r  
Forecaster 4  
Forecaster 5  
l i t t l e  on t h e  av e r ag e  because  l a r g e  p o s i t i v e  and n e g a t i v e  
d i f f e r e n c e s  c a n c e l .  For t h e  medians,  a  measure of  t h e  p re -  
c i s i o n  of i n d i v i d u a l  f o r e c a s t s  i s  provided by t h e  a b s o l u t e  
d i f f e r e n c e  between t h e  median t empe ra tu r e  and t h e  observed 
t e m p e r a t u r e .  Average v a l u e s  of  I M T  - O T (  and I C T  - O T (  a r e  
g iven  i n  Tab les  1 and 2 ,  r e s p e c t i v e l y .  The ave rage  I M T  - O T ~  
was 3 . 8 ' ~  a t  Denver and 3 . 7 ' ~  a t  Milwaukee, whereas t h e  average  
I C T  - O T I  was 8 . 9 ' ~  a t  Denver and 7 . 1 ' ~  a t  Milwaukee. Thus, 
t h e  f o r e c a s t e r s '  medians w e r e  much more p r e c i s e  p o i n t  f o r e -  
c a s t s  t h a n  t h e  c l i m a t o l o g i c a l  medians,  and t h e  r e s u l t s  i n  
Table  1 show t h a t  t h e  p r e c i s i o n  i s  remarkably  c o n s i s t e n t  a c r o s s  
f o r e c a s t e r s  and d i f f e r e n t  t y p e s  of  f o r e c a s t s .  
A measure o f  p r e c i s i o n  f o r  t h e  va r i ab l e -w id th  f o r e c a s t s  
i s  prov ided  by t h e  width  of  t h e  i n t e r v a l ,  and ave rage  wid ths  
a r e  g i v en  i n  Tab l e s  3 and 4 .  For t h e  50% i n t e r v a l s ,  t h e  ave r age  
w i d t h s  w e r e  6 . 2 ' ~  and 5 .9% a t  Denver and Milwaukee, r espec-  
t i v e l y .  The co r r e sp o n d ing  average  w id th s  f o r  t h e  c l i m a t o l o g i c a l  
v a r i a b l e - w i d t h  i n t e r v a l s  w e r e  1 4 . 8 ' ~  and 1 4 . 5 ' ~ .  The a v e r a  e 9 w i d t h s  f o r  t h e  75% i n t e r v a l s  w e r e  1 1 . 7 ' ~  a t  Denver and 10.1 F 
a t  Milwaukee, and t h e  cor respondin?  average  w id th s  f o r  t h e  
c l i m a t o l o g i c a l  i n t e r v a l s  w e r e  24.1 F and 2 3 . 7 ' ~ ~  r e s p e c t i v e l y .  
Thus, t h e  f o r e c a s t e r s '  v a r i ab l e -w id th  i n t e r v a l s  w e r e  c o n s i d e r -  
a b l y  more p r e c i s e  t h a n  t h e  cor responding  c l i m a t o l o g i c a l  i n t e r -  
v a l s .  The av e r ag e  w i d th s  d i d  n o t  v a r y  t o o  much by f o r e c a s t e r  
o r  t y pe  o f  f o r e c a s t ,  a l t hough  F o r e c a s t e r  1 a t  Milwaukee had 
p a r t i c u l a r l y  narrow i n t e r v a l s  and i n t e r v a l  w id th s  tended t o  
i n c r e a s e  a s  t h e  l e a d  t i m e  i n c r e a s e d  from 12 hou r s  t o  2 4  hou r s  
and 36 hours .  
The p r e c i s i o n  of  t h e  f ixed-wid th  f o r e c a s t s  c a n  be i n v e s t i -  
g a t e d  by examining t h e  ave r age  p r o b a b i l i t i e s  a s s i g n e d  t o  t h e  
i n t e r v a l s .  From Tab l e s  5 and 6 ,  it i s  c l e a r  t h a t  t h e  f o r e c a s t e r s '  
f ixed-wid th  i n t e r v a l s  w e r e  more p r e c i s e  t han  t h e  co r r e spond ing  
c l i m a t o l o g i c a l  i n t e r v a l s .  The ave rage  p r o b a b i l i t i e s  a s s i gned  
t o  t h e  5 ' ~  i n t e r v a l s  w e r e  0.60 a t  Denver and 0.47 a t  Milwaukee, 
as compared w i t h  0.23 a t  Denver and 0.22 a t  Milwaukee f o r  c l i -  
matology. For t h e  9 ' ~  i n t e r v a l s ,  t h e  ave r age  p r o b a b i l i t i e s  
w e r e  0.80 a t  Denver and 0.72 a t  Milwaukee, a s  compared w i t h  
0.37 a t  b o t h  l o c a t i o n s  f o r  c l ima to logy .  The ave rage  p r o b a b i l i -  
t i e s  d i d  n o t  seem t o  v a r y  s y s t e m a t i c a l l y  a c r o s s  any of  t h e  
s t r a t i f i c a t i o n s  t h a t  w e r e  cons ide r ed  w i t h  t h e  excep t i on  t h a t  
t h e y  tended t o  d e c r e a s e  a s  t h e  l e a d  t i m e  a s s o c i a t e d  w i th  t h e  
f o r e c a s t s  i n c r e a s e d ,  e s p e c i a l l y  a t  Milwaukee. 
F o r e c a s t i n g  Exper ience  and Learning E f f e c t s  
The e f f e c t  o f  f o r e c a s t i n g  e x p e r i e n c e ,  a s  w e l l  a s  l e a r n i n g  
e f f e c t s  d u r i n g  t h e  c o u r s e  o f  t h e  exper iments ,  have a l s o  been 
i n v e s t i g a t e d .  With r ega rd  t o  expe r i ence ,  t h e  one  f o r e c a s t e r  
whose performance seemed t o  be somewhat b e t t e r  t h a n  t h a t  of 
t h e  o t h e r  f o r e c a s t e r s  was F o r e c a s t e r  1 a t  Milwaukee. I r o n i c a l l y ,  
F o r e c a s t e r  1 had t h e  l e a s t  f o r e c a s t i n g  expe r i ence  ( 1 . 5  y e a r s )  
and t h e  l e a s t  p r o b a b i l i t y  f o r e c a s t i n g  expe r i ence  (1 .5  y e a r s )  
of  any of  t h e  f o r e c a s t e r s  p a r t i c i p a t i n g  i n  t h e  exper iments .  
Of c o u r s e ,  1 . 5  y e a r s  s t i l l  r e p r e s e n t s  a  f a i r  amount of  e x p e r i -  
ence .  Moreover,  F o r e c a s t e r  1 was t h e  younges t  f o r e c a s t e r  
invo lved  i n  t h e  exper iments  and was most l i k e l y  less removed 
i n  t e r m s  o f  t i m e  from h i s  f o r m a l  c o l l e g e  t r a i n i n g  i n  meteo- 
r o l o g y  t h a n  w e r e  t h e  o t h e r  f o r e c a s t e r s .  
I n  o r d e r  t o  i n v e s t i g a t e  l e a r n i n g  e f f e c t s ,  t h e  set  o f  f o r e -  
c a s t s  f o r  each  f o r e c a s t e r  was d i v i d e d  i n t o  two h a l v e s ,  w i t h  one  
h a l f  c o n s i s t i n g  of t h e  f i r s t  50% of t h e  f o r e c a s t s  f o r m u l a t e d  
by t h a t  f o r e c a s t e r  and t h e  o t h e r  h a l f  c o n s i s t i n g  of t h e  l a s t  
5 0 %  of t h a t  f o r e c a s t e r ' s  f o r e c a s t s .  Each of  t h e s e  h a l v e s  was 
t h e n  a n a l y z e d  s e p a r a t e l y .  Space l i m i t a t i o n s  d o  n o t  p e r m i t  
i n c l u s i o n  o r  d e t a i l e d  d i s c u s s i o n  of  t h e  r e s u l t s ,  b u t  no l a r g e ,  
s y s t e m a t i c  d i f f e r e n c e s  appeared  t o  e x i s t  between t h e  two sets 
of  d a t a .  Thus, i n  t h e  c r u d e  s e n s e  o f  d i v i d i n g  t h e  sample o f  
f o r e c a s t s  i n t o  two h a l v e s ,  no l e a r n i n g  e f f e c t s  c o u l d  b e  d i s -  
c e r n e d  from t h e  r e s u l t s  o f  t h e  e x p e r i m e n t s .  
4 .  Summarv and D i s c u s s i o n  
I n  t h i s  p a p e r  some r e s u l t s  of  two e x p e r i m e n t s  i n v o l v i n g  
c r e d i b l e  i n t e r v a l  t e m p e r a t u r e  f o r e c a s t s  have been d e s c r i b e d .  
The r e s u l t s  i n d i c a t e  t h a t  f o r  b o t h  e x p e r i m e n t s ,  t h e  medians 
de te rmined  by t h e  f o r e c a s t e r s  w e r e  good p o i n t  f o r e c a s t s  of  
maximum and minimum t e m p e r a t u r e s .  They w e r e  j u s t  a s  r e l i a b l e  
a s ,  and much niore p r e c i s e  t h a n ,  t h e  c o r r e s p o n d i n g  c l i m a t o l o g i c a l  
f o r e c a s t s .  The medians t ended  t o  u n d e r e s t i m a t e  t h e  obse rved  
t e m p e r a t u r e s  s l i g h t l y ,  p a r t i c u l a r l y  f o r  f o r e c a s t s  of minimum 
t e m p e r a t u r e .  However, t h e  same tendency was e x h i b i t e d  by 
c l i m a t o l o g i c a l  f o r e c a s t s ,  i n d i c a t i n g  t h a t  t h e  u n d e r e s t i m a t i o n  
may be e x p l a i n e d  i n  p a r t  by t h e  f a c t  t h a t  t h e  t e m p e r a t u r e s  
d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d s  w e r e ,  on t h e  a v e r a g e ,  above 
normal .  
The v a r i a b l e - w i d t h  c r e d i b l e  i n t e r v a l s  were v e r y  r e l i a b l e  
a t  b o t h  l o c a t i o n s  i n  t h e  s e n s e  t h a t  t h e  observed r e l a t i v e  £ re -  
q u e n c i e s  co r responded  c l o s e l y  w i t h  t h e  f o r e c a s t  p r o b a b i l i t i e s .  
Mc J e o v ? r ,  t h e  i n t e r v a l s  were much narrower  on t h e  a v e r a g e  t h a n  
tkle c o r r e s p o n d i n g  c l i m a t o l o g i c ~ l  i n t e r v a l s .  The f ixed-wid th  
i n t e r v a l s  w e r e  n o t  a s  r e l i a b l e  a s  t h e  v a r i a b l e - w i d t h  i n t e r v a l s ,  
a l t h o u g h  it. shou ld  be  no ted  t h a t  t h e  r e l i a b i l i t y  of  t h e  f i x e d -  
wid th  i n t e r v a l s  was much b e t t e r  a t  Milwaukee t h a n  a t  Denver. 
S p e c i f i c a l l y ,  t h e  p r o b a b i l i t i e s  a s s i g n e d  t o  t h e  f ixed-wid th  
i n t e r v a l s  w e r e  l a r g e r  on t h e  a v e r a g e  t h a n  t h e  c o r r e s p o n d i n g  
r e l a t i v e  f r e q u e n c i e s .  The f o r e c a s t e r s '  f i x e d - w i d t h  i n t e r v a l s  
w e r e  more p r e c i s e  t h a n  c l ~ m a t o l o g i c a l  f ixed-wid th  i n t e r v a l s ,  
b u t  t h e  f o r m e r ' s  l a c k  of r e l i a b i l i t y  s u g g e s t s  t h a t  t h i s  p r e c i s i o n  
may be  a t  l e a s t  p a r t i a l l y  s p u r i o u s .  
A b r i e f  i n v e s t i g a t i o n  r e v e a l e d  t h a t ,  f o r  t h e  p a r t i c u l a r  
sample o f  n i n e  f o r e c a s t e r s  i n  t h e  two e x p e r i m e n t s ,  e x p e r i e n c e  
a t  weather  f o r e c a s t i n g  i n  g e n e r a l  and p r o b a b i l i s t i c  weather  
f o r e c a s t i n g  i n  p a r t i c u l a r  d i d  n o t  a p p e a r  t o  have any e f f e c t  on 
t h e  result-s. I n  a d d i t i o n ,  s t r a t i f i c a t i o n  of  t h e  e x p e r i m e n t a l  
r e s u l t s  i n t o  two h a l v e s  d i d  n o t  r e v e a l  any s y s t e m a t i c  l e a r n i n g  
e f f e c t s .  
The r e s u l t s  o f  t h e  exper iments  d i s c u s s e d  i n  t h i s  paper  
have i m p l i c a t i o n s  f o r  weather  f o r e c a s t i n g  and f o r  p r o b a b i l i t y  
f o r e c a s t i n g  i n  g e n e r a l .  With r e s p e c t  t o  weather  f o r e c a s t i n g ,  
t h e  exper iments  d e m o n s t r a t e  t h a t  f o r e c a s t e r s  c a n  f o r m u l a t e  
r e l i a b l e ,  p r e c i s e  c r e d i b l e  i n t e r v a l  t e m p e r a t u r e  f o r e c a s t s .  
I n  t h i s  r e g a r d ,  it i s  o f  i n t e r e s t  t o  n o t e  t h a t  NWS f o r e c a s t e r s  
r o u t i n e l y  r e c e i v e  " o b j e c t i v e "  gu idance  f o r e c a s t s  f o r  most o f  
t h e  v a r i a b l e s  f o r  which t h e y  must f o r m u l a t e  f o r e c a s t s  opera-  
t i o n a l l y  and t h a t  t h e  gu idance  f o r e c a s t s  f o r  many o f  t h e s e  
v a r i a b l e s  a r e  e x p r e s s e d  i n  p r o b a b i l i s t i c  t e r m s  ( e . g . ,  see K l e i n  
and Glahn, 1 9 7 4 ) .  The " o b j e c t i v e "  f o r e c a s t s  of maximum and 
minimum t e m p e r a t u r e ,  however, a r e  p o i n t  f o r e c a s t s .  E v i d e n t l y ,  
NWS f o r e c a s t e r s  a r e  a b l e  t o  q u a n t i f y  t h e  u n c e r t a i n t y  i n h e r e n t  
i n  t h e i r  t e m p e r a t u r e  f o r e c a s t s  i n  a r e l i a b l e  and p r e c i s e  manner 
i n  t h e  absence  of  such  i n f o r m a t i o n .  
C r e d i b l e  i n t e r v a l  f o r e c a s t s  cou ld  b e  v e r y  u s e f u l  i n  tempera- 
t u r e  f o r e c a s t i n g ,  and c o n s i d e r a t i o n  shou ld  b e  g i v e n  t o  formu- 
l a t i n g  such f o r e c a s t s  on a r e g u l a r ,  o p e r a t i o n a l  b a s i s .  However, 
p r i o r  t o  t h e  i n i t i a t i o n  of  such a "program," it would be  de- 
s i r a b l e  t o  conduc t  more e x t e n s i v e  c r e d i b l e  i n t e r v a l  t e m p e r a t u r e  
f o r e c a s t i n g  e x p e r i m e n t s  i n  s e v e r a l  d i f f e r e n t  l o c a t i o n s  and t o  
i n v e s t i g a t e  t h e  p r a c t i c a l  problems r e l a t e d  t o  r o u t i n e l y  i s s u i n g  
t h e s e  f o r e c a s t s  t o  t h e  g e n e r a l  p u b l i c .  I n  a d d i t i o n ,  t h e  p o s s i -  
b i l i t y  of making c r e d i b l e  i n t e r v a l  f o r e c a s t s  f o r  o t h e r  con- 
t i n u o u s  m e t e o r o l o g i c a l  v a r i a b l e s  shou ld  be i n v e s t i g a t e d .  
With r e s p e c t  t o  p r o b a b i l i t y  f o r e c a s t i n g  i n  g e n e r a l ,  t h e  I 
h i g h  r e l i a b i l i t y  o f  t h e  v a r i a b l e - w i d t h  f o r e c a s t s  i s  q u i t e  
encourag ing ,  p a r t i c u l a r l y  i n  view of  t h e  r e s u l t s  of s i m i l a r  
exper iments  i n  o t h e r  ( e . g . ,  non-meteoro log ica l )  c o n t e x t s  which I 
l a c k  such  r e l i a b i l i t y .  ( e .g . ,  see Hogarth,  1 9 7 5 ) .  Perhaps  t h e  
f a c t  t h a t  t h e  f o r e c a s t s  a t  Denver and Milwaukee we're  made by 
exper ienced  weather  f o r e c a s t e r s  i n  a n  o p e r a t i o n a l  s e t t i n g  (as 
opposed t o  i n e x p e r i e n c e d  s u b j e c t s  i n  a  l a b o r a t o r y  exper iment )  
c o n t r i b u t e d  t o  t h e i r  r e l i a b i l i t y  (see Winkler  and Murphy, 1973) .  
T h i s  s u p p o s i t i o n  c o u l d  b e  i n v e s t i g a t e d  f u r t h e r  by e x p e r i m e n t a t i o n  
i n v o l v i n g  v a r i o u s  t y p e s  of p r o b a b i l i t y  f o r e c a s t s  i n  o t h e r  
r e a l i s t i c  s i t u a t i o n s .  F i n a l l y ,  c r e d i b l e  i n t e r v a l  f o r e c a s t i n g  
i t s e l f  d e s e r v e s  a d d i t i o n a l  a t t e n t i o n ,  b o t h  i n  t h e  l a b o r a t o r y  and 
i n  t h e  r e a l  wor ld .  
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